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Cadmium-Binding Proteins in the Scallop
Pecten maximus
by H. C. Stone,* S. B. Wilson,t and J. Overnell*
Scallops, Pecten maximus, accumulatecadmiumnaturallyinthedigestive glandtoalevelofapproximately
100 ppm wet weight. Ofthis cadmium, 60%o was soluble and was composed ofthree weight classes asjudged
by Sephadex G-100 chromatography. Ofthe soluble cadmium, 60%o was in the 55,000 molecular weight range
and 20%o each in an excluded fraction and a 10,000 molecular weight fraction.
The 55,000 molecular weight fraction, after further purification, showed a maximum cadmium concen-
tration of 1.4% by weight. The cadmium was thiolate bound but not as strongly bound as in the case of
metallothionein.
The 10,000 molecular weight fraction was a metallothionein-like protein.
Introduction
The scallop, Pecten mxaimus, was probably the first
livingorganisminwhich cadmiumwas detected. Foxand
Ramage (1), using a spectrographic method, reported
the astonishing values of500 to 2000 ppm dry weight of
cadmium in the digestive gland. Several other studies
have confirmed that high levels of cadmium are indeed
present in the digestive gland ofscallops which were not
apparently associated with any metal pollution (2-4).
Although Pecten is caught commercially for human con-
sumption, it probably does not represent a potential
health hazard since the large adductor muscle and the
gonad (and possiblythe kidney which liesbetween these)
are the only parts generally eaten. Cadmium levels in
the muscle and gonad are low. In the kidney a value of
about 20 ppm wet weight has been reported by Bryan
(4); however, the organ is small and cannot represent a
significant cadmium source.
There appears to have been no report to date on the
identification ofthecadmium-bindingcomponent(s) inthe
scallop digestive gland. In this paper we present in out-
line our progress in characterizing the components in-
volved.
Materials and Methods
Animals
Scallops, Pecten maximus, were purchased from the
Marine Biological Station, Millport, Isle of Cumbrae,
Scotland, and were from the Clyde sea area.
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Homogenization and Chromatography
Each 10 g of tissue was homogenized with 20 mL of
0.1 M Tris HCl, pH 8.0, containing 10 mM PMSF (phen-
ylmethanesulfonyl fluoride) and centrifuged at
100,O00gfor 1 hr. The supernatant (cytosol) was used for
further purification. Chromatographic separations were
carried out at 4°C using the conditions given in the leg-
ends to the figures.
Amino Acid Analysis
Samples were oxidized before analysis with performic
acid (5).
Metal Analysis
Tissue was analyzed after wet ashing and chromatog-
raphyfractions were determined bydirectaspiration (6).
Protein and Carbohydrate Analysis
Protein was determined by the method ofSedmak and
Grossberg (7) and total carbohydrate by the method of
Dubois et al. (8) using galactose as standard.
Results and Discussion
The scallops were found to contain approximately 100
ppm (wet weight) of cadmium in the digestive gland, a
level which showed little individual or seasonal variation.
The tissue also contained relatively high concentrations
ofzinc [218 ppm wet weight ± 106 (SD)] and copper [71
ppm wet weight ± 17 (SD)].
Figure 1 is a Sephadex G-100 chromatogram of the
cytosol. It can be seen that cadmium is present in three
weight classes: molecular weights > 150,000 (i.e., aboveSTONE, WILSON, AND OVERNELL
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FIGURE 1. Sephadex G-100 chromatography of digestive gland cy-
tosol. Cytosol (4.6 mL) was applied to a Sephadex G-100 column
(1.6 cm diameter x 92 cm) equilibrated with 0.1 M NaCl, 10 mM
Tris HCl, pH 8.6 and eluted with the same buffer. Flow rate: 25
mL/hr. Fraction size: 2.1 mL.
the exclusion limit ofthe gel), 55,000, and 10,000.
Of the soluble cadmium, approximately 60% was as-
sociated with the 55,000 molecular weight component.
PMSFinhibited approximately55% ofthetotalprotease,
but most of the PMSF-insensitive protease also eluted
in the region corresponding to 55,000 molecular weight.
These endogenous proteases caused problems in the sub-
sequent purification attempts and were manifest in poor
reproducibility ofthe DEAE-cellulose chromatograms.
Figure 2 illustrates a chromatogram type which was
encountered frequently. The amino acid composition of
the pooled fractions under the bars marked A, B, and C
aregiven inTable 1. It can be seenthatfractionA, which
contains the highest cadmium (1.1% by weight), also has
the highest Cys content. Gel electrophoresis under both
denaturing and nondenaturing conditions gave very poor
resolution. This was probably the result ofproteolysis.
The main cadmium peak (from a different DEAE-
cellulose chromatography experiment) was used to study
the cadmium binding. Sephadex G-25 experiments as a
function ofpH showed that at pH 5 halfofthe cadmium
waslost. Thisindicates thatthebinding wasweakerthan
that in the case of cadmium metallothionein where the
pH had to be lowered to pH 3.5 in order to displace half
ofthe cadmium (10). The cadmium could be displaced by
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FIGURE 2. DEAE-cellulose chromatography of 55,000 molecular
weight. Sephadex G-100 fraction. The Sephadex G-100 product in
10mM Naborate, pH 8.6, wasapplied to a DEAE-cellulose column
(4.4 cm diameter x 6.0 cm) and eluted with a salt gradient: 10 mM
Naborate, pH 8.6, to 0. 15 M NaCl, 3.20ppm K, 10mM Naborate,
pH 8.6 (1L + 1L). Flow rate: 150 mL/hr. Fraction size: 11.4 mL.
the following sulfydryl reagents: p-hydroxymercuriben-
zoate, N-ethylmaleimide, 2,2'-dithiopyridine and tetra-
thionate. This indicates that the metal was thiolate
bound. This conclusion is in accord with the ultraviolet
spectra offractions A (from Fig. 2). At neutral pH there
is a shoulder at 250 nm (as well as a peak at 270 nm),
and this absorption at 250 nm was reduced to 47% ofthe
absorbance at neutral pH on acidification to pH 2. The
cadmiumthiolate chromophore is known to absorb at 250
nm and the cadmium is displaced by protons at low pH
which causes loss ofthis absorption (11).
The component of molecular weight 10,000 showed a
single sharp peak of cadmium on ion-exchange chroma-
tography (Fig. 3). The main cadmium containing frac-
tions were pooled and contained the metals cadmium,
zinc, and copper in the following molar ratios 1:0.81:0.18.
Thetotal sulfydryl, determinedbyusing5,5'-dithiobis(2-
nitrobenzoic acid) (12), to metal (Cd + Zn + Cu) ratio
was 2.0. The material showed many of the properties
typical of metallothionein. The molecular weight deter-
mined by SDS-polyacrylamide gel electrophoresis was
8000. The cadmium was retained during Sephacryl S-
300 chromatography at pH 5.5. The ultraviolet absorp-
tion showed a high A25JA2so ratio (5.0) at neutral pH
and on acidification the absorbance at 250 nm was re-
duced to 29% ofthe value at neutral pH.
The protein was heat-stable and could be determined
using the cadmium saturation assay for metallothionein
(13). This component was purified furtherbypreparative
gel electrophoresis, and the amino acid analysis of this
fraction is included in Table 1. It can be seen that the
Cys content washigh (16.9mole-%) but stillconsiderably
less than that of horse metallothionein. In this respect
itresemblesthemetallothioneins isolated fromthe edible
mussel Mytilus edulis (14).
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Table 1. Amino acid composition of preparations of Pecten cadmium binding components and of horse metallothionein.
55,000 molecular weight component'
Amino acid A B C 10,000 component Horse MTb
Lys 8.0 4.1 4.3 14.5 11.1
His 1.7 1.4 2.0 8.2
Arg 2.4 5.7 5.3 3.8 2.3
CysC 8.2 3.9 4.8 16.9 33.6
Asp 11.0 11.0 11.2 11.7 5.2
Thr 8.2 6.7 7.0 4.4 3.1
Ser 6.7 4.9 6.0 6.6 11.0
Glu 7.2 10.6 10.2 7.6 4.3
Pro 6.5 8.2 8.1 3.9 4.3
Gly 8.9 7.6 7.6 8d 10.0
Ala 7.9 6.8 6.1 8.7 9.7
Val 5.5 6.2 5.9 5.9 3.1
Met 1.6 2.5 2.0 1.4 1.7
Ile 3.7 4.6 4.6 1.8 0.2
Leu 6.7 4.9 5.1 2.7 0.6
Tyr 2.5 4.2 3.8 0.8
Phe 3.3 6.7 6.0 1.3
:See Figure 2.
bHorse metallothionein. Data of KAgi et al. (9).
'Determined as cysteic acid.
dNot determined (because of contamination).
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FIGURE 3. DEAE-cellulose chromatography of 10,000 molecular
weight Sephadex G-100 fraction. The Sephadex G-100 product in 5
mM 2-mercaptoethanol, 20 mM Tris HCl, pH 8.6, was applied to
a DEAE-cellulose column (2.6 cm diameter x 11.0 cm) and eluted
with a salt gradient: 5 mM mercaptoethanol, 20 mM Tris HCl, pH
8.6, to 0.15 M NaCl, 2.51 ppm K, 5 mM mercaptoethanol, 20 mM
Tris HCl, pH 8.6 (1L +1L). Flow rate: 120 mL/hr; fraction size:
16.5 mL.
Carbohydrate waspresentwithproteininallfractions.
Theamountofcarbohydrate variedfromthesameweight
of protein to approximately 10 times that of the metal-
lothionein fraction from DEAE-cellulose. It is believed
that this carbohydrate was not protein-bound.
H. Stone thanks the Natural Environment Research Council for a
research studentship award.
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